1 



Europaisches Patentamt 



(19) 


^lll European Patent Office 






Office europeen des brevets 


(11) EP 0 996 124 A1 




EUROPEAN PATENT APPLICATION 


(43) 


Date of publication! 


f5i) Intel 7- G11B7/24 G11B 23/30 




26.04.2000 Bulletin 2000/17 




(21) 


Application number: 99308317.9 




(22) 


Date of filing: 21.10.1999 




(84) 


np<^inn;^tpti Contractina States' 


* HIguchi, Shigemitsu 




AT BE CH CY DF DK FS Fl FR GB GR IE IT LI LU 


Fujisawa-shI, Kanagawa-ken (JP) 




MC NL PT SE 


* Sane, KenJI 




Designated Extension States: 


1 OlSOflanid'alll, r\af la^dWcl'lVBI I \ 




AL LT LV MK RO SI 








(74) Representative: Calderbank, Thomas Roger et al 


(30) 


Priority: 22.10.1998 JP 30063598 


MEWBURN ELLIS 






York House 


(71) 


Applicant: HITACHI, LTD. 


23 Kingsway 




Chlyoda-ku, Tokyo (JP) 


London WC2B 6HP (GB) 


(72) 


Inventors: 




• 


Ono, HIroaki 






Mito-shi, Ibarakl-ken (JP) 





(54) Optical disk and recording/reproduction apparatus using the same 



(57) An optical recording disk intended only for the 
reproduction of a main Information and used by an in- 
formation management system has the attachment of a 
memory (3) in which data for the management of the 
main information is written and read out easily and reli- 
ably. The memory has associated electromagnetic cou- 
pling means (10,11) for transacting the record manage- 
ment data with and receiving power from a recording/ 
reproduction apparatus. The electromagnetic coupling 



means is built in the memory or disposed in an annular 
or spiral form on the disk. The transmission frequency 
band for data transaction and power supply Is set out- 
side the main information reproduction frequency band. 
The memory is disposed in or on an appropriate plastic 
layer of the disk depending on the usage of the disk, and 
located in the inner or outer section of the recording me- 
dium forming area on the disk depending on the trans- 
mission band. This low-cost optical disk can be manu- 
factured at a high reliability and high yield. 
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Description 

[0001] The present invention relates to an optical disk 
and a recording/reproduction apparatus which uses this 
optical disk. Particularly, the invention relates to the 
structure of an optical disk having in its partial area a 
memory provided separately from the recording medi- 
um of the disk, and to a recording/reproduction appara- 
tus which uses this optical disk. 
[0002] A variety of electronic systems using recording 
mediums of optical disks which are easy for large-scale 
production and reliable in operation have been devel- 
oped and put on the market recently. These optical disks 
are represented, for example, by the compact disk (CD) 
used for storing music, the digital video disk (DVD) used 
for storing pictures inclusive of the movies, and the CD- 
ROM and DVD-ROM used for storing computer appli- 
cation programs, game programs and various informa- 
tion. 

[0003] Optical disks for the CD, CD-ROM and DVD- 
ROM are made of plastics, which enables the low-cost 
large-scale production of disks, with information being 
pre-recorded thereon. These reproduction-only disks, 
however, do not allow the additional data recording, and 
therefore it is not possible to record the result of process 
of data which has been read out of the disk or record 
the number of times of reproducing operartion of the disk, 
for example. Therefore, it is unstable to be used for a 
information management system or the like with the ca- 
pability of storing the results of games, restricting the 
access to computer application programs or limiting the 
number of times of playback of audio/video records. 
[0004] Although there is known an optical disk which 
allows the additional data recording, it is expensive due 
to the complex fabricating process and does not enable 
the low-cost large-scale production. Moreover, it is nec- 
essary to pre-record the main information on each disk 
individually, and record additional data with a high-pow- 
er optical recording head, resulting in an expensive re- 
cording/reproduction apparatus as compared with the 
simple reproduction apparatus, 
[0005] There is known a scheme of recording control 
information on a medium which is provided separately 
from the medium of the main information. Specifically, a 
magnetic tape cartridge has the attachment of a semi- 
conductor memory used for the management of the 
main information on the magnetic tape. The semicon- 
ductor memory is accessed for data input/output in a di- 
rect contact manner Although this scheme may be ap- 
plied also to the optical disk, it imposes the difficulty of 
data transmission to/from the semiconductor memory 
which is turning together with the disk. 
[0006] An object of the present invention is to provide 
a reproduction-only optical disk which is intended for the 
CD. CD-ROM, DVD-ROM, etc., made of plastics for the 
low-cost, large-scale and high-yield manufacturing and 
pre-recording. and provided in its partial area with a 
memory which writes and reads out simply and reliably 



additional control information for the management of the 
main information on the disk so that the disk is useful 
for a information management system or the like which 
offers game programs, computer application programs 

5 or audio/video records with the capability of storing the 
results of games, restricting the access to computer ap- 
plication programs or limiting the number of times of 
playback of audio/video records, for example, and also 
to provide an inexpensive recording/reproduction appa- 

10 ratus which uses this optical disk. 

[0007] In order to achieve the above objective, the in- 
ventive optical disk and recording/reproduction appara- 
tus includes inside the disk a memory, which is built in 
the form of a semiconductor IC chip for example, used 

15 for the management of the main information of a game 
program, computer application program or audio/video 
record. In addition to the recording medium which stores 
the main information. 

[0008] The memory incorporates a signal processor 
20 for transforming the control information into recording 
data for storing, a memory for storing the control infor- 
mation, and a controller for controlling the writing and 
read-out of the memory and treating the main informa- 
tion based on the analysis of control information, e.g., 
25 the number of times of reproduction of the main infor- 
mation or the restriction of reproduction of the main in- 
formation. 

[0009] For receiving power in the form of a signal to 
be supplied to the circuitries of semiconductor IC chip, 

30 an electromagnetic coupling means, i.e.. a receiver 
means, such as an antenna is built in or disposed beside 
the IC chip. Alternatively, it is disposed' in an annular or 
one or multi-turn spiral form on the disk. 
[0010] The IC chip further incorporates a rectifier for 

35 converting the signal received by the receiver means in- 
to power. Similarly, for the communication of control in- 
formation between the optical, disk and the recording/ 
reproduction apparatus, another electromagnetic cou- 
pling means, i.e., a transmitter-receiver means, such as 

40 an antenna is built in or disposed beside the tC chip. 
Alternatively, it is disposed in an annular or one or multi- 
turn spiral form on the disk. 

[0011] The signals sent to the electromagnetic cou- 
pling means for control information transfer and power 

45 supply have their transmission band set outside of the 
main information recording band or the reproduction 
band in the case of the multiple-speed playback of the 
main information so that the signals do not affect the 
recording and reproduction of the main information. Ac- 

50 cordingly, one of the following two kinds of means are 
required depending on the band of the signals transmit- 
ted to the electromagnetic coupling means for control 
information transfer and power supply. 
[0012] (1) In the case of setting a lower transmission 

55 band, it is necessary for the electromagnetic coupling 
means to have a larger inductance in order to raise the 
coupling coefficient (transmission efficiency) for coping 
with the lower frequency. For the achievement of this 
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inductance, at least the electromagnetic coupling 
means for control information transfer and power supply 
among the devices associated with the memory are lo- 
cated at positions outer than the outer bound of the re- 
cording medium on the disk, and they are disposed in 
an annular or one or multi-turn spiral form on the disk. 
For ensuring a large inductance of the electromagnetic 
coupling means, they are each formed of a conductor 
coil and a soft magnetic core. However, this arrange- 
ment is disadvantageous in regard to the recording ca- 
pacity of the disk due to the disposition of the memory 
in the disk outer section which could provide a large re- 
cording area. 

[001 3] (2) In the case of setting a higher transmission 
band, it is possible for the electromagnetic coupling 
means to have a sufficiently large coupling coefficient 
(transmission efficiency) without the need of a large in- 
ductance in dealing with the higher frequency. It is even 
desirable to lower the electromagnetic coupling in order 
to minimize the influence of stray capacitance. In this 
case, the memory has its shape and location deter- 
mined with respect to the following affairs. 
[0014] (2-1) The memory is provided by being built 
therein or disposed thereby with electromagnetic cou- 
pling means. At least the electromagnetic coupling 
means for control information transfer and power supply 
among the devices associated with the memory are lo- 
cated at positions within the range of radius on the disk 
where the recording medium is formed and on the side 
of the disk opposite to the side on which recording and 
reproduction take place between the recording medium 
and the disk medium record/reproduce circuit of the re- 
cording/reproduction apparatus. 
[001 5] Based on this arrangement, the recording me- 
dium which is generally formed of a metallic film works 
as a reflector for the electromagnetic coupling means, 
which thus transmit the signals efficiently. This arrange- 
ment is applicable obviously only to the case where, at 
least, the main information is recorded and reproduced 
only on one side of the disk. 

[0016] (2-2) At least the electromagnetic coupling 
means for control information transfer and power supply 
among the devices associated with the memory are lo- 
cated at positions inner than the inner bound of the re- 
cording medium on the disk, and they are built in or dis- 
posed beside the memory. Alternatively, the electro- 
magnetic coupling means are disposed in an annular or 
one-turn spiral form at positions inner than the inner 
bound of the recording area of the recording medium on 
the disk. This arrangement is effective for the case 
where the disk has a multi-layer recording medium and 
recording and reproduction of the main information take 
place on both sides of the disk, for example. This ar- 
rangement is advantageous in regard to the recording 
capacity of the disk due to the disposition of the memory 
in the disk inner section which could provide a smaller 
recording area, 

[0017] In case the transmitted signal for power supply 



and the transmitted signal for control information trans- 
fer do not interfere with each other, these signals are 
mixed, and the receiver for power supply and the trans- 
mitter-receiver for control information transfer as the 
5 electromagnetic coupling means are integrated to be a 
common device, which treats the mixed signal. 
[0018] In the case of the inner disposition of the mem- 
ory on the disk, while the disk is mounted on a disc- 
shaped turntable for high-speed recording and repro- 
ve duction, the electromagnetic coupling means for control 
information transfer and power supply among the devic- 
es associated with the memory are located at least par- 
tially at positions outer than the clamping area of the 
disk on the turntable or outer than the mounting face of 
^5 the turntable so that the transmitter-receiver and receiv- 
er as the electromagnetic coupling means are not pre- 
cluded for their signal transaction by the turntable. 
[001 9] For balancing with the additional weight of the 
memory attached to the disk, a counterweight is put to 
20 the disk at the symmetrical position against the position 
of memory with respect to the center of rotation. 
[0020] With the disk being mounted on the turntable 
of the recording/reproduction apparatus for high-speed 
recording and reproduction, the transmitter-receiver of 
25 the recording/reproduction apparatus for control infor- 
mation transaction with the memory on the disk and the 
transmitter for power supply to the memory are located 
at positions with distances virtually equal to the distanc- 
es from the disk rotation center to the transmitter-receiv- 
30 er of the memory for data transaction and to the receiver 
for non-contact power supply from the outside, respec- 
tively. 

[0021 J In this case, the transmitter-receiver of the re- 
cording/reproduction apparatus for control information 
35 transaction with the memory on the disk and the trans- 
mitter for power supply to the memory have their shapes 
and locations determined with respect to the following 
affairs. 

[0022] ( 1 ) In case the transmitter-receiver and receiv- 

40 er as the electromagnetic coupling means attached to 
the disk are disposed in an arcuate, annular or spiral 
form, the transmitter-receiver and transmitter as the 
electromagnetic coupling means of the recording/repro- 
duction apparatus are disposed also in an arcuate, an- 

45 nular or spiral form on virtually concentric circles, or 
these devices are built in the form of a transmitter-re- 
ceiver module disposed at a position which is away from 
the disk rotation center. The transmitter-receiver module 
has an integrated circuit arrangement inclusive of the 

50 transmitter-receiver and transmitter as the electromag- 
netic coupling means of the recording/reproduction ap- 
paratus and the associated driving circuitries. 
[0023] (2) In case the transmitter-receiver and receiv- 
er as the electromagnetic coupling means on the disk 

55 are built in or disposed beside the IC chip, the transmit- 
ter-receiver and transmitter as the electromagnetic cou- 
pling means of the recording/reproduction apparatus 
are disposed in an arcuate, annular or spiral form on 
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virtually concentric circles. Alternatively, the transmitter 
for supplying power to the memory is built In the form of 
a transmitter-receiver module and disposed at a position 
which is virtually on the center axis of the turntable. 
[0024] The optical disk is generally formed of two 5 
pieces of plastic sheets stuck together, and the IC chip 
for the memory, with the electromagnetic coupling 
means being attached thereto, is disposed in regard to 
the disk thickness direction based on the following 
schemes. 

[0025] (1) The IC chip for the memory and the elec- 
tromagnetic coupling means are formed based on the 
insert-lamination scheme in the plastic sheet that Is dif- 
ferent from the plastic sheet for the formation of the re- 
cording medium. The plastic sheet, with the memory be- '5 
ing insert-laminated, will have an offset by the thickness 
of the IC chip and electromagnetic coupling means, and 
therefore it is unstable for the formation of a recording 
medium on It. 

[0026] (2) A recessed section is formed in one plastic 20 
sheet on its sticking side, the IC chip and electromag- 
netic coupling means are put in the recessed section, 
and both sheets are stuck. The IC chip and electromag- 
netic coupling means are concealed within the thickness 
of the stuck plastic sheets, and the disk surface does 25 
not swell. Moreover, another recording medium can be 
formed on the plastic sheet having the IC chip in the re- 
cessed section. 

[0027] (3) The IC chip and electromagnetic coupling 
means are put in a recessed section which is formed on 30 . 
the side of plastic sheet opposite to the sticking side, 
and these members are glued with resin. This scheme 
enables the attachment of IC chips after optical disks 
have been completed, allowing the disk manufacturer 
to produce optical disks in the conventional manner and 35 
the distributer to put IC chips on aftenward thereby to 
finish optical disks with the management function. 
[0028] The IC chip can possibly fail In operation when 
It is exposed to a strong light, and therefore it is covered 
with light-blocking resin against the laser beam or the 40 
like used by the optical head. 

[0029] The controller built In the IC chip is designed, 
for example, to focus the optical head of the recording/ 
reproduction apparatus to a certain position so that it 
operates on the tracking control actuator to alter the ^5 
electrical offset value of the focus system, for example, 
independently of the recording/reproduction apparatus. 
In consequence. It becomes possible In the future, when 
multi-layer optical disks having various recording capac- 
ities will be put on the market, for the memory on the 50 
disk to deal with the number of recording layers and re- 
cording positions across the layers thereby to control in- 
dependently the focal position of the optical head for the 
reproduction of records, for example. 
[0030] In the drawings 55 

Fig.1 is a block diagram of an embodiment of this 
invention, showing the arrangement of a memory 



which is disposed on an optical disk; 
Fig. 2 is a diagram of an embodiment of this inven- 
tion, showing the structure of an IC chip which is 
disposed on an optical disk; 
Fig.3 is a block diagram of an embodiment of this 
invention, showing the arrangement of a recording/ 
reproduction apparatus; 

Figs.4A and 4B are diagrams of an embodiment of 
this invention, showing the structure of an optical 
disk; 

Figs.5A and 5B are diagrams of another embodi- 
ment of this invention, showing the structure of an 
optical disk; 

Fig.6 is a set of diagrams of still another embodi- 
ment of this invention, showing the structure of an 

optical disk; 

Fig. 7 is a diagram of still another embodiment of this 
Invention, showing the structure of an optical disk; 
Figs.8A-8D are diagrams of still another embodi- 
ment of this Invention, showing the structure of an 

optical disk; 

Flgs.9A-9D are diagrams of still another embodi- 
ment of this invention, showing the stmcture of an 
optical disk; 

Fig. 10 is a diagram of an embodiment of this inven- 
tion, showing in brief a recording/reproduction ap- 
paratus; 

Fig. 11 is a diagram of another embodiment of this 
invention, showing in brief a recording/reproduction 
apparatus; 

Fig. 12 is a diagram of still another embodiment of 
this invention, showing in brief a recording/repro- 
duction apparatus; 

Fig. 13 is a diagram of still another embodiment of 
this invention, showing In brief a recording/repro- 
duction apparatus; and 

Fig. 14 is a diagram of still another embodiment of 
this Invention, showing in brief a recording/repro- 
duction apparatus. 

[0031] The optical disk and recording/reproduction 
apparatus based on this invention include inside the disk 
a memory, which is built in the form of a semiconductor 
IC chip for example, used for the management of the 
main Information, In addition to the recording medium 
which stores the main information. 
[0032] Fig.1 shows the arrangement of the inventive 
memory, and Fig.2 shows the structure of the IC chip 
disposed on the optical disk. 

[0033] The arrangement and structure of the inventive 
IC chip for the memory will be explained with reference 
to Fig.1 and Fig.2. 

[0034] The memory 3 incorporates a signal processor 
1 5 for transforming the control information into recording 
data for storing, a memory 12 for storing the control in- 
formation, and a controller 13 for controlling the writing 
and read-out of the memory and treating the main infor- 
mation based on the analysis of control information, e. 



4 



7 



EP 0 996 124 A1 



8 



g., the number of times of reproduction of the main in- 
formation or the restriction of reproduction of the main 
information. 

[0035] For receiving power in the form of a signal to 
be supplied to the circuitries of semiconductor IC chip, 
an electromagnetic coupling means, i.e., a receiver 
means 10. such as an antenna is built in it. The IC chip 
further incorporates a rectifier 14 for converting the sig- 
nal received by the receiver means into power. For the 
communication of control Information between the opti- 
cal disk and the recording/reproduction apparatus, an- 
other electromagnetic coupling means, i.e., a transmit- 
ter-receiver means 11 . such as an antenna is built in the 
IC chip. The formation of these devices In a single IC 
chip enables the cost reduction of the memory. 
[0036] Fig. 3 shows the arrangement of the inventive 
recording/reproduction apparatus. Indicated by 1 Is a 
dlsk.2 is a recording medium, and 3 is a memory. The 
recording/reproduction apparatus 20 further includes as 
major components a disk medium record/reproduce cir- 
cuit 21. a servo circuit 22, a record/reproduce process- 
ing circuit 23, a system control unit 24, a control data 
Input/output circuit 25, a main record output circuit 26, 
a communication circuit 27, and a power supply circuit 
28. 

[0037] The functional blocks shown in Fig.3 will be ex- 
plained. The recording medium 2 which is formed on the 
disk 1 stores the main information of, for example, a 
computer application program, game program or audio/ 
video record. The memory 3 which is formed as a sem- 
iconductor IC chip stores control information used for 
the management of the main Information. The disk me- 
dium record/reproduce circuit 21 implements independ- 
ently the recording and/or reproduction of the main in- 
formation on the recording medium 2, and it is an optical 
head for the recording medium 2 of the optical disk. 
[0038] The record/reproduce processing circuit 23 im- 
plements, for the reproduction of the main Information 
for example, the expansion, decoding of error correction 
code and demodulation for the reproduced record pro- 
vided by the disk medium record/reproduce circuit 21, 
and sends the processed signal to the main record out- 
put circuit 26. It also implements the compression, ad- 
dition of error correction code and modulation for the 
control information which is transferred from the control 
data input/output circuit 25 to the memory 3 by being 
amplified by the communication circuit 27. 
[0039] The memory 3 formed of an IC chip needs 
power, which is supplied from the power supply circuit 
28 to the memory 3 by way of the communication circuit 
27. The servo circuit 22 which includes a spindle motor 
actuator and associated mechanisms performs the sta- 
ble recording and reproducing operations for the disc- 
shaped recording medium 2. 

[0040] The signals sent to the communication circuit 
27 for control information transfer and power supply 
have their transmission band set outside of the main in- 
formation recording band or the reproduction band in the 



case of the multiple-speed reproduction of the main in- 
formation so that the signals do not affect the recording 
and reproduction of the main Information. Accordingly 
the following two kinds of means are required depending 

5 on the band of signals transmitted to the electromagnet- 
ic coupling means for control information transfer and 
power supply. A specific example of the main informa- 
tion signal having a recording bandwidth from 100 kHz 
to 30 MHz will be explained with reference to Fig.4 and 

10 Flg.5. 

[0041 ] ( 1 ) In the case of setting a lower transmission 
band, as will be explained in connection with Fig.4, it is 
necessary for the electromagnetic coupling means to 
have a larger inductance in order to raise its coupling 
15 coefficient (transmission efficiency) for coping with the 
lower frequency. For example, for the transmission at a 
frequency as low as 20 kHz, an Inductance of the order 
of several mH is required. 

[0042] For the achievement of this Inductance, it is not 

20 sufficient to build the electromagnetic coupling means 
in the IC chip, and therefore the memory 3 is located at 
a position outer than the outer bound of the recording 
medium on the disk, and the receiver 1 0 and transmitter- 
receiver 11 as the electromagnetic coupling means are 

25 disposed in an annular or one or multi-turn spiral form, 
as shown in Fig.4. For ensuring a large inductance, the 
receiver 10 and transmitter-receiver 11 as the electro- 
magnetic coupling means are each formed of a conduc- 
tor coil and a magnetic core 1 8. The IC chip is connected 

30 to the receiver 10 and transmitter-receiver 11 as the 
electromagnetic coupling means through wires based 
on the formation of wire-bonding pads 17 on the IC chip. 
[0043] The disposition of the memory 3 in the disk out- 
er section is disadvantageous in regard to the recording 

35 capacity of the disk due to the absence of recording me- 
dium in this section which could provide a large record- 
ing area. The low-frequency transmission, however, en- 
ables high-power transmission, and therefore it is ad- 
vantageous in case the memory 3 needs a large drive 

"fo current. 

[0044] (2) In the case of setting a higher transmission 
band, as will be explained in connection with Fig.2, Fig. 
5 and Figs. 7-9, it is possible for the electromagnetic cou- 
pling means to have a sufficiently large coupling coeffi- 

45 cient (transmission efficiency) in dealing with the higher 
frequency. In the case of the main information signal 
having a recording bandwidth not more than 30 MHz. 
with a band separation by 1 .5 times the bandwidth, Le.. 
45 MHz, with the intention of noise reduction, the induct- 

50 ance in need is as small as of the order of several |iH. 
It is even desirable to lower the electromagnetic cou- 
pling of the receiver 10 and transmitter-receiver 11 in 
order to minimize the Influence of stray capacitance. Ac- 
cordingly, the receiver 10 and transmitter-receiver 11 as 

55 the electromagnetic coupling means of the memory 3 
are to be built in or disposed beside the IC chip. Alter- 
natively, these devices are disposed in an annular or 
one-turn spiral form on the disk. 
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[0045] In this case, the memory 3 is formed and dis- 
posed on the disk 1 with respect to the following affairs. 
[0046] (2-1 ) The electromagnetic coupling means are 
built in or disposed beside the memory as shown in Fig. 
2. The memory 3 is located at a position within the range 
of radius on the disk where the recording medium 2 is 
formed as shown in Fig. 7 and on the side of the disk 
opposite to the side on which recording and reproduc- 
tion take place between the recording medium 2 and the 
disk medium record/reproduce circuit 21 of the record- 
ing/reproduction apparatus as shown in Fig.SD and Fig. 
9C. 

[0047] Based on this arrangement, the recording me- 
dium which is generally formed of a metallic film (spe- 
cifically, an aluminum film is used for the reproduction- 
only medium of such as the CD-ROM and DVD-ROM) 
works as a reflector for the electromagnetic coupling 
means, as shown In Flg.8D, which thus transmit the sig- 
nals efficiently. Moreover, the metallic film is expected 
to have a shielding effect for the transmission of elec- 
tromagnetic wave. This arrangement is applicable obvi- 
ously only to the case where, at least, the main informa- 
tion is recorded and reproduced only on one side of the 
disk. 

[0048] (2-2) The memory 3 is located at a position in- 
ner than the inner bound of the recording medium 2 on 
the disk, and the electromagnetic coupling means are 
built in or disposed beside the memory 3. Altematively, 
the electromagnetic coupling means are disposed in an 
annular or one-turn spiral form at positions inner than 
the inner bound of the recording area of the recording 
medium 2 on the disk. This arrangement is effective for 
the case where the disk has a multi-layer recording me- 
dium and recording and reproduction of the main infor- 
mation take place on both sides of the disk, for example, 
as shown in Fig.9D. 

[0049] This arrangement is advantageous in regard 
to the recording capacity of the disk due to the disposi- 
tion of the memory 3 in the disk inner section which could 
provide a smaller recording area which is less influential 
on the total recording capacity. 
[0050] In case the transmitted signal for power supply 
and the transmitted signal for control information trans- 
fer do not interfere with each other, these signals are 
mixed, and the receiver 10 for power supply and the 
transmitter-receiver 11 for control information transfer 
as the electromagnetic coupling means are integrated 
to be a common device, which treats the mixed signal. 
This arrangement enables the cost reduction. 
[0051] In the case of the inner disposition of the mem- 
ory on the disk, while the disk is mounted on a, disc- 
shaped turntable for high-speed recording and repro- 
duction, the electromagnetic coupling means for control 
information transfer and power supply among the devic- 
es associated with the memory are located at least par- 
tially at positions outer than the contact face 5 of the disk 
to the turntable so that the transmitter-receiver and re- 
ceiver as the electromagnetic coupling means are not 



precluded for their signal transaction by the turntable. 
Specifically, for example, these devices are located 
preferably In the disk section between the clamping area 
with a diameter of 22-33 mm and the burst cutting area 

5 (BCA) with a diameter of 44.6-47.0 mm which are the 
standard of the DVD and the like. 
[0052] For balancing with the additional weight of the 
memory 3 attached to the disk 1. a counterweight 4 is 
put on the disk at the symmetrical position against the 

10 position of memory with respect to the center of rotation. 
[0053] With the disk being mounted on the turntable 
32 of the recording/reproduction apparatus 20 for high- 
speed recording and reproduction, the transmitter-re- 
ceiver 30 of the recording/reproduction apparatus 20 for 

^5 control information transaction with the memory 3 on the 
disk 1 and the transmitter 29 for power supply to the 
memory are located at positions with distances virtually 
equal to the distances from the disk rotation center to 
the transmitter-receiver 11 of the memory 3 for data 

20 transaction and to the receiver 1 0 for non-contact power 
supply from the outside, respectively. 
[0054] In this case, the transmitter-receiver 30 of the 
recording/reproduction apparatus 20 for control infor- 
mation transaction with the memory on the disk and the 

25 transmitter 29 for power su pply to the memory have their 
shapes and locations determined with respect to the fol- 
lowing affairs as will be explained in contact with Fig. 10. 
Flg.11 and Fig.13. 

[0055] (1) In case the transmitter-receiver 11 and re- 
30 ceiver 10 as the electromagnetic coupling means at- 
tached to the disk are disposed in an arcuate, annular 
or spiral form, the transmitter-receiver 30 and transmit- 
ter 29 as the electromagnetic coupling means of the re- 
cording/reproduction apparatus 20 are also disposed in 
35 an arcuate, annular or spiral form on virtually concentric 
. circles as shown in Fig. 10 and Fig.1 3, or these devices 
are built as a transmitter-receiver module 35 disposed 
at a position which Is away from the disk rotation center, 
as shown in Fig. 11 . It Is not obligatory for the transmitter- 
40 receiver 11. receiver 10, transmitter-receiver 30 and 
transmitter 29 to be located on the same circles as 
shown in Fig. 10 and Fig. 11, but it is enough for these 
devices to be at least partially located virtually on con- 
centric circles. 

45 [0056] Shown in Fig.1 0 and Fig.1 1 are the arrange- 
ments intended to make smaller the distance d of trans- 
mission between the transmitter-receiver 11 and receiv- 
er 1 0, and the transmitter-receiver 30 and transmitter 29 
so as to improve the transmission efficiency. Actually, 

50 however, it is not always possible for the transmitter-re- 
ceiver 30 and transmitter 29 of the recording/reproduc- 
tion apparatus 20 to have a small transmission distance 
d due to the parts layout In the apparatus, and they are 
practically disposed to have a moderate transmission 

55 distance d on concentric circles as shown in Fig.13. 
[0057] The transmitter- receiver module has an inte- 
grated circuit arrangement inclusive of the transmitter- 
receiver 30 and transmitter 29 as the electromagnetic 
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coupling means of the recording/reproduction appara- 
tus and the associated driving circuitries. These devices 
30 and 29 have arbitrary shapes and sizes. 
[0058J (2) In case the transmitter-receiver 11 and re- 
ceiver 10 as the electromagnetic coupling means on the 
disk are built in or disposed beside the IC chip, the trans- 
mitter-receiver 30 and transmitter 29 as the electromag- 
netic coupling means of the recording/reproduction ap- 
paratus 20 are disposed in an arcuate, annular or spiral 
form on virtually concentric circles. 
[0059] Based on this arrangement, the transmitter-re- 
ceiver 11 and receiver 10 on the disk 1 and the trans- 
mitter-receiver 30 and transmitter 29 of the recording/ 
reproduction apparatus 20 keep a constant transmis- 
sion distance d during the disk rotation, and the fluctu- 
ation of transmission is small. If these devices are locat- 
ed on the same circles, in which case the transmission 
distance d between the apparatus and disk is minimal, 
the transmission efficiency is high. 
[0060] Although the foregoing arrangements are the 
disposition of the transmitter 29 and transmitter-receiver 
30 of the recording/reproduction apparatus and the 
transmitter-receiver module 35 all located on the side of 
the disk 1 opposite to the side where the disk medium 
record/reproduce circuit 2 1 1s located, it is not obligatory 
but these devices may be located on the same side as 
the record/reproduce means 21 as shown for example 
in Fig. 14. The disposition of these devices outside the 
range of motion of the disk medium record/reproduce 
circuit 21 as shown in the figure is effective for the re- 
duction of thickness of the apparatus. 
(0061) Although the arrangements shown in Fig.10. 
Fig.11, Fig.13and Fig.14are the cases where either the 
transmitter-receiver 11 and receiver 10 on the disk or 
the transmitter-receiver 30 and transmitter 29 of the re- 
cording/reproduction apparatus 20 are disposed in an 
annular form, these arrangements are not obligatory 
but they may be disposed in an arcuate or spiral form. 
[0062] As another embodiment of this invention, as 
shown in Fig. 12. the transmitter for supplying power to 
the memory is built in the form of a transmitter-receiver 
module 35 and disposed at a position which is virtually 
on the center axis of the turntable. In this case, the re- 
ceiver 10 and transmitter-receiver 11 on the disk are dis- 
posed either in an annular form or spiral form, or may 
be built in the IC chip. 

[0063] Based on this arrangement, the transmitter-re- 
ceiver 11 and receiver 10 on the disk 1 and the trans- 
mitter-receiver 30 and transmitter 29 of the recording/ 
reproduction apparatus 20 keep a constant distance 
during the disk rotation, and the fluctuation of transmis- 
sion is small. In addition, even in case the memory on 
the disk has its receiver and transmitter-receiver built in 
the IC chip, the recording/reproduction apparatus can 
have a smaller transmitter-receiver and transmitter, the 
devices can keep a constant distance during the disk 
rotation, and the fluctuation of transmission is small. 
[0064] Although the foregoing arrangements shown 



in Fig. 10, Fig. 11 and Fig. 12 are the disposition of the 
electromagnetic coupling means on the side of the disk 
opposite to the side where the disk medium record/re- 
produce circuit 21 is located, it is not obligatory, but 
5 these devices may be located on the same side. 

[0065] Next, manners of attachment of the I C chip and 
electromagnetic coupling means on the disk and their 
positions in the disk thickness direction will be ex- 
plained. 

10 [0066] The optical disk is generally formed of two 
pieces of plastic sheets stuck together, and the IC chip 
for the memory and the electromagnetic coupling 
means are disposed in regard to the disk thickness di- 
rection based on the following schemes as will be ex- 

15 plained in connection with Figs.6A-6D, Figs.8A-8D and 
Figs.9A-9D. 

[0067] (1) The IC chip for the memory 3 and the re- 
ceiver 10 and transmitter-receiver 11 as the electromag- 
netic coupling means are formed based on the insert- 

20 lamination in the plastic sheet 19' that Is different from 
the plastic sheet 19 for the formation of the recording 
medium 2, as shown in Fig.6A and Figs.SA and SB. The 
memory 3 is attached to the plastic sheet 19* that is not 
used for the formation of the recording medium 2 and 

25 the perfomiance is tested for this part alone in advance, 
whereby the yield of optical disks is enhanced. 
[0068] The plastic sheet, with the memory being in- 
sert-laminated, will have an offset by the thickness of 
the IC chip and electromagnetic coupling means, and 

30 therefore it is unstable for the formation of a recording 
medium on it. Accordingly, this fabrication scheme is 
suitable for optical disks having a relatively inexpensive 
recording medium formed on only one plastic sheet. 
[0069] (2) A recessed section 7 is formed in one plas- 

35 tic sheet on its sticking side, the IC chip for the memory 
3 and the receiver 10 and transmitter-receiver 11 as the 
electromagnetic coupling means are put in the recessed 
section 7, and both sheets are stuck together, as shown 
in Fig.6B and Figs.9A and 9B. The IC chip and electro- 
de magnetic coupling means are concealed within the 
thickness of the stuck plastic sheets, and the disk sur- 
face does not swell. In consequence, optical disks with 
the memory 3 being attached thereto can be manufac- 
tured at a high reliability and high yield. In addition, an- 

45 other recording medium can be formed on the plastic 
sheet having the IC chip in the recessed section. Ac- 
cordingly, this fabrication scheme is suitable for optical 
disks having the attachment of memory and recording 
mediums formed on both plastic sheets as shown in Fig. 

.50 9D. 

[0070] (3) The IC chip for the memory 3 and the re- 
ceiver 10 and transmitter 11 as the electromagnetic cou- 
pling means are put in a recessed section 8 which is 
formed on the side of plastic sheet opposite to the stick- 
55 ing side, and these members are glued with resin, as 
shown in Fig.6C. This scheme enables the attachment 
of IC chips after optical disks have been completed, al- 
lowing the disk manufacturer to produce optical disks in 
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the conventional manner and the distributer to put IC 
chips on afterward thereby to finish optical disks with the 
management function. Accordingly, It is suitable for the 
case of organizing a small-scale disk management sys- 
tem. 

[0071] (4) The IC chip for the memory 3 can possibly 
fail in operation when it is exposed to a strong light, and 
therefore it is covered with light-blocking resin against 
the laser beam or the like used by the optical head. Al- 
ternatively, a light-blocking sheet 31 is stuck to the plas- 
tic sheet as shown in Figs.8B and 8C and Figs.QB and 
9C. 

[00721 The controller 13 built In the IC chip for the 
memory 3 is designed, for example, to focus the optical 
head which is the disk medium record/reproduce circuit 
21 of the recording/reproduction apparatus 20 to a cer- 
tain position so that it operates on the tracking control 
actuator to alter the electrical offset value of the focus 
system, for example, independently of the recording/re- 
production apparatus 20. 

[0073] In consequence, it becomes possible in the fu- 
ture, when multi-layer recording disks having various re- 
cording capacities will be put on the market, for the 
memory 3 on the disk to deal with the number of record- 
ing layers and jecording positions across the layers 
thereby to control independently the focal position of the 
optical head across the layers for the reproduction of 
records, for example. Accordingly, when optical disks 
having several recording layers for various recording ca- 
pacities become available, it is possible for the record- 
ing/reproduction apparatus to be compatible with these, 
disk products for the reproduction of records. 
[0074] The inventive optical disk and recording/repro- 
duction apparatus includes on the optical disk a memo- 
ry, which is built in the form of a semiconductor IC chip 
for example, used for the management of the main in- 
formation of a computer application program, game pro- 
gram, or audio/video record, in addition to the recording 
medium for the main information. 
[0075] For supplying power to the semiconductor IC 
chip, an electromagnetic coupling means, i.e., a receiv- 
er means, such as an antenna is built in or disposed 
beside the IC chip. Alternatively, It Is disposed in an an- 
nular or one or multi-turn spiral form on the optical disk. 
Similarly, for the communication of control information 
between the optical disk and the recording/reproduction 
apparatus, another electromagnetic coupling means, i. 
e., a transmitter-receiver means, such as an antenna is 
built in or disposed beside the IC chip on the disk. Alter- 
natively, a data communication circuit is disposed in an 
arcuate, annular or one or multi-turn spiral form on the 
disk. 

[0076] In correspondence to these devices on the 

disk, a transmitter means and transmitter-receiver 
means which are disposed in an arcuate, annular or spi- 
ral form, or built in the form of a module is provided for 
the recording/reproduction apparatus. 
[0077] The signals of control information transacted 



with the memory have their transmission band set out- 
side of the main information reproduction band, and the 
IC chip is disposed in the inner section or outer section 
of the recording medium fomiing area on the disk de- 
5 pending on the transmission band of control information. 
For optical disks formed of plastic sheets stuck together 
the memory is disposed at an appropriate position de- 
pending on the purpose of the disks. 
[0078] In consequence, it becomes possible to man- 
to ufacture at a high reliability and high yield reproduction- 
only optical disks which are capable of writing afterward 
and reading out control information simply and reliably 
in the attached memory, and to provide optical disks and 
recording/reproduction apparatus which uses the disks 
15 for application systems at a low cost. 

Claims 

20 1. A recording disk having a recording medium and 
memory which is disposed in an annular or spiral 
form at a certain position on said disk, said memory 
comprising a memory for storing Information, a sig- 
nal processor for writing or reading out information 

25 to/from said memory, a transmitter-receiver for 
transacting information with the exterior of said disk, 
a controller for controlling said memory, signal proc- 
essor and transmitter-receiver, a receiverfor receiv- 
ing power in the form of a signal supplied from the 

30 exterior of said disk for the operation of said mem- 
ory, signal processor, transmitter-receiver and con- 
troller, and a rectifier for converting the signal re- 
ceived by said receiver Into power. 

35 2. A recording disk according to claim 1 , wherein said 
transmitter-receiver and receiver are disposed at 
positions inner than the inner bound of said record- 
ing medium on said disk. 

40 3. A recording disk according to claim 1 , wherein said 
transmitter-receiver and receiver are disposed at 
positions outer than the outer bound of said record- 
ing medium on said disk. 

45 4. A recording disk according to claim 1 , wherein said 
transmitter-receiver and receiver are disposed at 
positions outer than the clamping area of said disk. 

5. A recording disk according to claim 1 , wherein said 
50 memory is disposed at a position within the range 

of radius on said disk where said recording medium 
is formed and on the side of said disk opposite to 
the side on which recording and reproduction take 
place between said recording medium and a disk 
55 medium record/reproduce circuit in a recording/re- 
production apparatus. 

6. A recording disk according to claim 1 , wherein, with 
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said recording disk being mounted on a recording/ 
reproduction apparatus which has a turntable on 
which said disk is mounted for rotation, a disk me- 
dium record/reproduce circuit for recording and/or 
reproducing information on said recording medium 
of said disk, a transmitter-receiver for transacting 
information with said transmitter-receiver of said 
disk, and a transmitter for supplying power for said 
memory through said receiver, said transmitter-re- 
ceiver and receiver of said disk have virtually con- 
stant distances to said transmitter-receiver and 
transmitter, respectively, of said recording/repro- 
duction apparatus during the rotation of said disk. 

7. A recording disk according to claim 1 . wherein, with 
said recording disk being mounted on a recording/ 
reproduction apparatus which has a turntable on 
which said disk is mounted for rotation, a disk me- 
dium record/reproduce circuit for recording and/or 
reproducing information on said recording medium 
of said disk, a transmitter-receiver for transacting 
information with said transmitter-receiver of said 
disk, and a transmitter for supplying power for said 
memory through said receiver, said transmitter-re- 
ceiver and receiver of said disk are disposed at least 
partially at positions with distances from the center 
of said disk virtually equal to distances of said trans- 
mitter-receiver and transmitter, respectively, of said 
recording/reproduction apparatus from the center 
of said turntable. 

8. A recording disk according to claim 1 , wherein said 
memory, signal processor, controller, rectifier, and 
transmitter-receiver and/or receiver are formed of a 
semiconductor integrated circuit. 

9. A recording disk according to claim 1 , wherein said 
memory, signal processor, controller and rectifier 
are formed of a semiconductor integrated circuit, 
and said transmitter-receiver and/or receiver are 
formed separately from said integrated circuit. 

10. A recording disk according to claim 9. wherein said 
transmitter-receiver and/or receiver are disposed in 
an arcuate, annular or spiral form at certain posi- 
tions on said disk. 

11 . A recording disk according to claim 1 , wherein said 
disk is formed of at least two plastic sheets stuck 
together, said recording medium is formed on the 
sticking side of at least one plastic sheet among 
said plastic sheets, and said memory is formed by 
insert-lamination in at least one plastic sheet among 
said plastic sheets. 

12. A recording disk according to claim 1. wherein said 
disk is formed of at least two plastic sheets stuck 
together, said recording medium is formed on the 



sticking side of at least one plastic sheet among 
said plastic sheets, and said memory is disposed in 
a recessed section which is formed in at least one 
plastic sheet on the sticking side thereof among 
5 said plastic sheets. 

13. A recording disk according to claim 1 , wherein said 
disk is formed of at least two plastic sheets (19, 19') 
stuck together, said recording medium is formed on 

10 the sticking side of at least one plastic sheet among 
said plastic sheets, and said memory is disposed in 
a recessed section which is formed in at least one 
plastic sheet on the side opposite to the sticking 
side among said plastic sheets. 

15 

14. A recording disk according to claim 1, wherein at 
least said memory, signal processor and controller 
are covered with light-blocking resin. 

20 1 5. A recording disk according to claim 1 further includ- 
ing a light-blocking sheet for covering at least said 
memory, signal processor and controller against the 
light. 

25 1 6. A recording disk according to claim 1 further includ- 
ing a counterweight disposed at the symmetrical 
position against the position of said memory with 
respect to the center of rotation of said disk for bal- 
ancing with the additional weight of said memory. 

30 

17. A recording disk according to claim 1, wherein said 
transmitter-receiver and receiver are formed as a 
unitary member. 

35 18. A recording/reproduction apparatus comprising a 
turntable on which a recording disk according to any 
one of claim 1 through claim 17 is mounted, a disk 
medium record/reproduce circuit for recording and/ 
or reproducing information on a recording medium 

40 which is formed on said disk, a transmitter-receiver 
for transacting information with a transmitter-receiv- 
er disposed on said disk, and a transmitter for sup- 
plying power to a receiver disposed on said disk. 

45 19. A recording/reproduction apparatus according to 
claim 18, wherein said transmitter-receiver and 
transmitter are disposed at positions which is virtu- 
ally on the center axis of said turntable. 

50 20. A recording/reproduction apparatus according to 
claim 18. wherein said transmitter-receiver and/or 
transmitter have their communication frequency 
band set different from a frequency band of record- 
ing or reproduction of said disk medium record/re- 

55 produce circuit. 

21. A recording/reproduction apparatus according to 
claim 18, wherein said transmitter-receiver and 
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